The automated defect detection of jacquard fabrics is intuitively appealing to the textile industry but as yet there has been little in-depth research in this field. In this paper, we introduce a defect detection method for use on jacquard fabrics that is based on multiple color-channel analysis. According to the number of color yarns employed, a number of color channels can be extracted from an arbitrary jacquard fabric. Images of each color channel are patterned. By first separating the color channel of an input test fabric image, and then eliminating noise and applying a pattern extraction process, it is possible to produce a set of channel patterns. To characterize each defined defect, we introduce a pattern comparison method which makes use of Fourier transform and frequency spectrum analysis. In experiments, this method efficiently and precisely detected defects in test fabrics and provided relevant information about defects such as the defect category and which color yarns are involved in the defect.
Introduction
The computer-based automated inspection of textile fabrics offers low-cost, high-speed, and high-quality detection of defects. Many methods (Kumar and Most previous research has focused on plain and single-color fabrics, primitive pattern units of which are identical and arranged in repeating square lattice. In the area of colored patterned fabrics, such as jacquards, no in-depth research has as yet been carried out (Ngan, et al., 2003) .
Jacquard fabrics are more complicated than plain single color fabrics firstly because their use of color causes their texture to appear more complex but also they usually have more than one repeated pattern. Jacquards patterns can be of two types: macro and micro. The macro patterns can be observed by the naked eye and can be regarded as a macro appearance of combinations of the micro patterns. The chief focus of this paper is defect detection in the micro patterns of jacquard.
Previous research has identified four main fabric weaving defects: missing yarn, double yarn, density variation, and broken or tangled fabric.
Where the pattern of a fabric is simple, these defects can be effectively detected using mature defect detection algorithms. These, however, are not applicable to jacquard fabrics because of their use of multiple patterns and colors. Color jacquard fabrics, however, not only have fabric weaving defects, they also have color defects. Color defects are of three kinds: missing colored yarn, additional colored yarn, and density variation. There is a correlation between weaving and color defects. Each weaving defect corresponds to one or more color defects, with each weaving defect corresponding to one or more color defects. For example, a defect such as missing or double weaving would cause either missing or additional color yarn. Based on this observation, the color jacquard defect detection problem can be reduced to a color defect detection problem.
Yarn is generally woven in two directions, with the filling yarn being woven across the warp yarn, and different colored yarns being arranged in each of these directions in an appropriate order. In *Sponsored by HK RGC CERG PolyU 5074/02E. another words, the distribution of any arbitrary color yarns extracted from the jacquard fabric is patterned and predictable. This predictability is increased by the fact that the pattern of each colored yarn on jacquard fabric is ordinarily a square grid. Given this, we can further decompose the color defect detection problem into one of detecting the level of disorder of each color pattern. For example, the missing yarn defect means that a given colored yarn does not present in an arranged position.
In this paper, we introduce a multiple-colorchannel-based jacquard defect detection method. This method is implemented in three steps: color channel separation using a Neutral Network (NN) which segments the jacquard image into color channel images; color channel pattern extraction; and pattern comparison, to characterize and detect defects in Jacquard. These three steps will be discussed, respectively, in sections 2, 3, and 4.
Color Channel Separation
The central problem in defect detection in jacquard fabrics is the complexity of their color channels, which makes their colors difficult to separate. Jacquard fabrics are made up of several colored yarns woven together to present a particular global appearance. In a sampled image, the colors of different yarns are defined as color channels. For example, the sample image of a jacquard fabric in Figure 1a shows six color channels. Such an image is a combination of color pixels from different input color channels. Because each kind of jacquard is produced according to a specific pattern, the number of these color channels is a known quantity. In this section we will discuss the extraction of different color channels from such a sampled jacquard image, which can be regarded as a color classification problem the input of which is a sequence of pixels described using color vectors and spatial coordinates and the output of which is a fixed number of color channels. A number of algorithms can be used for this color classification task. We choose the Neutral Network (NN) classifier because it is a powerful and efficient tool for classification problems such as this, having fixed input and output numbers.
Before constructing the NN for this task, we need to construct a training dataset by collecting a number of pixels from each color channel defined in a given fabric. The nature of fabrics, however, can make it difficult to collect training data manually; yarn is textured and non-rigid and its color can respond to different lighting setups. Under controlled conditions, however, it is possible to use an automated color clustering method to sample a patch of fabric and partition its color into clusters according to the number of color channels. Pixels from these clusters can then be used as an NN training dataset.
The Mutual Nearest Neighbor (MNN) method is proposed here to cluster a sampled jacquard image. The MNN clustering method works in a particular color space which should be chosen according to the characteristic of the data set to be clustered. We have chosen to use the YCbCr space ( Figure 1b ) because a jacquard fabric is usually woven of yarns of colors relatively close in chrominance but of different depths. The YCbCr space will ensure that this difference in chrominance is detected and maintained. The YCbCr space also has the advantage that its coordinate system is sensitive to the depth value. In a particular color space, the relationship between two points, which are reflections of image pixels, is represented by the distance between them:
The closer two points are, the greater their color similarity. For a point in YCbCr space, its nearest neighbor is if . Two points are mutual nearest neighbors only if each of them is the nearest neighbor of the other. The MMN algorithm is implemented as in Table 1 . Figure 2b shows the clustering result, which contains 6 color clusters. The pixels in the sampled image have been partitioned into channels (Figure 2a ). 
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Current_Cluster_Num>Channel_Num,where Num>Channel_Num is the number of color channel defined, go to Step 1, else stop. Among neural networks, the most popular for practical applications such as color classification tasks are the back-propagation (BP) neutral networks. Back-propagation is a technique for implementing gradient descent in weight space for a multilayer feed-forward network. It efficiently computes partial derivations of an approximating function F(w;x) realized by the network with respect to all the elements of the adjustable weight vector w for a given input vector x. Color classification applications have three inputs (Y,Cb,Cr). The number of outputs is usually less than ten but will correspond to the number of the color channels in the fabric. A three layer (having one input layer, one output layer and a hidden layer) network is a powerful tools but there remains the difficulty that there currently exists no to o theoretical techniques that would allow us to determine the size of the hidden layer (a key problem in designing a BP network). Consequently, as in this case, the input number is constant while the output number changes for different fabrics, so we have chosen to use an adaptable size of the hidden layer. From experience, we know that the size of the hidden layer can be computed via
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where Ni stands for the size of input layer, Nk for that of the hidden layer and No for that of the output layer. To filter a test image using NN, the color channels are separated from the original input and each channel is regarded as an isolated input. Figure 2 shows an example of the color channel separation where a1, a2 and a3 each correspond to three of the channels extracted from the input fabric image.
Color Channel Pattern Extraction
In this section we shall discuss how to extract a pattern from a color channel image separated from the original jacquard image using the method described in Section 2. This extraction method is implemented in two steps: First, dotted noise is eliminated using a morphological opening operator in the raw color channel image; Second, the channel pattern is extracted by applying a Maximal Value Alternatively Taking (MVAT) method. We shall also discuss the extraction of the patterns of the cross color channels which exist in many jacquard fabrics.
Dotted Noise Elimination
After segmentation, an image of a single color channel will still contain dotted noise. Even if instances of dotted noise are small and not dominant, they can still affect the recognition result. This can be seen in Figure 4 and Figure  3 (b2), which show the results of the extraction of the patterns of the very same color channel image. Figure 4 shows the results of the extraction without noise elimination. Figure 3(b2) shows the results of the extraction after eliminating noise. Its pattern is much clearer.
It is possible to remove most noise by using a morphological filter with an appropriate structural element. One morphological filter that is particularly useful for removing image noises is the opening operator. The opening operator is defined as an erosion operation on image followed by a dilation operation. The application of an opening operator on a raw channel image results in the reduction of small dotted noise. The problem with using an open operator is in determining the size and the shape of the structural element. A large structural element can efficiently remove noise from the image but at the same time it will also reduce the level of detail of the image. Contrariwise, a small structural element removes less noise but preserve a greater amount of detail. In this task, the amount of dotted noise is not usually great, so we have selected a small structural element. In practice, an opening operator using a 3×3 square structure element can remove most of the dotted noise within a raw channel image. 
Channel Pattern Extraction using MVAT
In this part, we will introduce a Maximal Value Alternative Taking (MVAT) method to extract the pattern from a channel image. The pattern of a color channel image is a repeated square lattice. Each line of this lattice corresponds to one fabric yarn of a color that can be found in the color channel. However, because of the interlacements between the yarns in filling and warp directions, the lines of the lattices shown in the channel image are discontinuous. This discontinuousness makes the pattern incomplete and fuzzy. To produce more complete and comparable patterns, it is necessary to further optimize the channel images using MVAT.
In order to extract the pattern from channel image using MVAT, we construct two positive value accumulation histograms of the channel image. Figure 5 shows the accumulation histograms of a color channel image IC (M×N) along the filling and warp directions where
. F(i) is the filling histogram which corresponds to the distribution of the yarns along the filling direction. W(i) is the warp histogram which corresponds to the distribution of the yarns along the warp direction. The histograms contain regularly repetitive crests which coincide with the distribution of the color yarns. It is very easy to locate yarns if corresponding crests in the histograms are clearly separated. However, because yarns are interlaced, the ideal of clearly separated corresponding crests in the histogram is rarely seen. At this point, then, the channel pattern extraction problem consists of separating the crests from the histograms. The difficulty in separating crests is in finding an appropriate threshold. A fixed threshold does not provide an adaptive criterion suitable to all channel images. Here, to adaptively separate the crests, we propose a Maximal Value Alternately Taking method (MVAT). The MVAT approach rests on two basic observations: that the line in the channel image -that is, the line which vertically intersects the histogram at the position of maximal value -always coincides with a color yarn; and that removing positive pixels along this line makes the crests in the perpendicular histogram more distinct. By iterating this taking and removing procedure alternately in the filling and warp directions, all crests are separated and the pattern of the channel image is obtained. Table 2 describes the procedure for using MVAT in pattern extraction. Figure 3 lists the pattern images of three color channels produced using MVAT. These patterns represented the distribution and width of each color yarn clearly and precisely.
Cross Color Channel Pattern
One problem in the extraction of the pattern of cross channels is that the NN separator cannot correctly separate the base color points. In order to make a harmonious visual effect, a jacquard fabric usually employs cross-color yarns. Normal Step 0. Initialize Step 2. Set
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color yarns can be made by twisting a combination of thinner threads of more than one base color. Cross color yarns, however, have one or more same base colors. The color channels of two cross color yarns are called cross color channels. In the color channel separation step, because the NN separator is designed to respond not to base colors but to yarn colors, it is possible that some base color points will be segmented into a wrong channel. Figure 6 shows A and B, images of two cross-color channels.We can see that the patterns of two cross-color channels will interfere with each other. In order to eliminate this interference, a ⊕ operator is introduced to merge image A and B: 
4.
Color Defect Detect using Template Comparison.
In this section, we will discuss a Fourier transform based template comparison methods for characterizing and detecting defects in color jacquard fabrics. A number of faultless patterns can be used as templates to detect whether patterns extracted from the test image contain defects. In order to reduce the complexity of analyzing the 3-dimensional spectrum of a channel pattern, we propose a substitute method A number of methods can be used to compare a pattern and a template. One approach is spatial domain template comparison. This approach is simple and easy to implement but usually requires careful and exact alignment, which is very difficult to achieve on fabric images. Another approach is based on the frequency domain analysis, which provides position-invariant statistical information about the test image. Fabric texture being more naturally construed as a position-invariant property, we regard frequency domain based template comparison as more suitable for this task.
Defects in plain single color fabrics can be detected using Fourier analysis as proposed in [3] . Plain fabrics have a repeated single texture so it is easy to monitor changes in the frequency spectrum if there is a disorder of the texture. Similarly, color channel patterns are also regular, repeated textures. Disorders in the channel pattern will produce changes in intensities at specific positions in the frequency spectrum. As pattern disorders are caused by fabric defects, it is possible to detect defects by monitoring changes in the frequency spectrum. However, as the 3-dimensional frequency spectrum is very difficult to analyze, we introduce a substitute method which, instead of using the whole spectrum, uses just seven significant features extracted from the spectrum.
The Fourier transform of a channel pattern image Table 3 shows how the feature values of faultless and defect pattern images differ. In this paper, color defects are classified as being of three kinds: missing yarn, additional yarn, and density variation. For each defect of the pattern, it is possible to derive unique, distinctive characteristics from changes in the feature values. For example, when there is an additional yarn defect in the warp direction, the average grayscale value (P1) and the ratios (P2, P4) of the intensity of the first harmonic frequency to the average grayscale value are larger than those of a faultless pattern, and the positions (P3, P5) of the first harmonic frequencies will not change. Figure 7 shows an example of missing warp yarn defect. One warp green yarn is replaced by a brown yarn. Table 4 lists the seven feature values of these two color patterns and their corresponding faultless patterns. The P1 and P5 values of the faulty pattern of the green yarn are smaller than those of the faultless pattern; their P2, P4 and P7 are larger than those of the faultless pattern; and their P3 and P6 remain unchanged.
Referring to the defect characteristics listed in Table 3 , we can conclude that some green yarn along the warp direction must be missing. Similarly, by comparing the feature values of the faulty pattern of brown yarns with those of a fault pattern, it is possible to detect an additional yarn defect.
Conclusion
This paper chiefly focuses on the detection of micro color defects in color jacquards. Jacquard fabric may contain both weaving and color defects. These two kinds of defects are correlated in that where a weaving defect occurs so too must one or more color defects. Given this, the problem of defect detection in jacquards can be reduced to one of detecting color defects. Thus conceived, a jacquard image can be separated into color channels corresponding to yarn colors. The appearance of each channel image is then patterned and predictable, allowing us to propose a defect detection method based on multiple color channel analysis. Our method is implemented in three parts. First, all color channel are extracted from the original input image. A series of steps are then applied to enhance and extract comparable color channel patterns: eliminating dotted noise, extracting accumulation histogrambased channel patterns, and combining cross color channel. Finally, we introduce a pattern comparison method which makes use of a Fourier transform and frequency spectrum analysis. Seven significant features extracted from the frequency spectrum are used to characterize each of three defects. Experiments show that this defect detection method can efficiently classify and detect jacquard color defects.
